Abstract
Introduction

11
The superior damage-tolerance of laminated glass compared to its monolithic counterpart is interface location and impact kinetic energy of a projectile) that a ects crack growth across 23 the interface in SGP laminated glass through an optical caustic method, which allows the 24 concurrent measurements of dynamic stress intensity factor and crack path. by the location of the interface.
57
In this paper, we investigated the interaction of a dynamic crack with a perpendicular 58 interface in SGP laminated glass by using an optical caustic method, first introduced by 
Experiments
Specimens and loading
69
Two 180 mm wide soda-lime glass plates of 5 mm thickness were a xed to a 180 mm ◊ 5 mm 70 ◊ 0.79 mm (width ◊ thickness ◊ height) adhesive interface in an edge-to-edge configuration 71 to form the laminated glass with a total height h t of between 40.79 -60.79 mm, as shown 72 schematically in Fig. 1 
Experimental setup
89 Figure 2 shows a schematic of the experimental setup used in this study. second were recorded, which yields a pixel-to-length ratio of 264.6 µm/pixels at a frequency 100 of between 210,000 and 300,000 frames per second, depending on the total height h t of the where D(t) is transverse diameter of the caustic as depicted in Fig. 3 ; C t = ≠0.225 ◊ 10 
Results
115
This section presents test data that reveal how di erent damage regimes (either crack in- 
E ects of interface location h 121
The e ects of interface location on the crack-interface interaction is first investigated. were recorded using a Fastcam-SA5 high speed camera at 210,000 frames per second.
129
Time t = 0 µs corresponds to when cracking first initiates at the pre-crack tip, from where that exists randomly along the bottom face (a xed to the interlayer) of the impacted layer.
149
The critical condition that governs crack branching, or bifurcation, will be discussed later in images by the interframe time interval as follows:
The mode-I crack velocity in the support layer follows a broadly similar pattern regardless The time for the mode-I crack to reach the interface is insensitive to the total height of Increasing impact kinetic energy leads to a reduction in the delay time for mixed-mode 226 cracks to initiate in the impacted layer, as seen in Fig. 11 . The consequence is that there is 227 less time for the dynamic stress intensity factor to reach its critical value as impact kinetic 228 energy increases. deformed by delamination as expected.
E ects of impact kinetic energy E
242
The damage mode listed in Table 2 , may be explained from an energy dissipation perspective.
243
Energy accumulation at the crack tip and energy release rate are two important criteria that 
where , l, C s , C d are energy dissipation, crack length, shear wave speed and dilatational 
248
and by the interface location, total specimen height or impact kinetic energy.
279
Although a simple MDSIF criterion appears successful in predicting the mode of deforma- 
Conclusions
297
The e ects of interface location and impact kinetic energy upon the damage regime that de- factor to increase, leading to energy accumulation at the crack tip. Dissipation of this ac-309 cumulated energy causes crack branching, which was shown to be predicted by a maximum 310 dynamic stress intensity factor criterion. The critical value of dynamic stress intensity factor 311 that must be reached for crack branching to develop in the impacted layer was found to be 312 insensitive interface location, specimen total height and initial kinetic energy. 
